population with larger, deeper wounds that may have recent history of infection. 7 These wounds may benefit from a more intensive surgical approach.
A variety of strategies are employed for the treatment of these complex wounds in the complex host. However, because traditional wound studies exclude these patients, little is understood about the clinical challenges and outcomes of their management. For example, a functional amputation is a viable option for some patients; however, an attempt at limb salvage is often the preferred option from the patient perspective. 8, 9 If limb preservation is the goal, there are available options including the use of Integra (Integra Life Sciences, Plainsboro, N.J.), negative-pressure wound therapy (NPWT), local tissue flaps (LTFs), and free tissue transfer (FTT). Largely, the available evidence for the efficacy or effectiveness of these treatment options is restricted to noncomparative, case studies, case series, smaller retrospective, or underpowered comparative studies. [10] [11] [12] [13] [14] [15] [16] The aim of this study is to describe clinical outcomes in the complex lower extremity wound in the comorbid host. We hypothesize that using Integra versus NPWT, LTF, or FTT will not result in significant differences in healing outcomes.
METHODS

Study Design
This was a retrospective, multicenter review of subject data from 4 participating sites (Georgetown University Hospital, Washington, D.C.; Brigham and Women's Hospital, Boston, Mass.; The University of Texas Southwestern Medical Center, Dallas, Tex.; and Northwestern University Feinberg School of Medicine, Chicago, Ill.). After Institutional Review Board approval, individual subject data were obtained from hospital medical records and physician clinical medical charts using relevant International Statistical Classification of Diseases, 9th revision and/Related Health Problems codes for diabetes and Current Procedural Technology codes for surgical cases that involved Integra, NPWT, LTF, and FTT for complex soft-tissue reconstruction of a diabetic lower extremity. Subject records were limited to retrospective data, and records within 5 years of the study initiation visit date were reviewed and included a time period of data from August 2008 to February 2014. This observational registry design prohibits a priori power analysis.
Subject Selection
A total of 686 cases were identified as being treated with Integra, NPWT, LTF, and/or FTT and were assigned to one of the defined treatment groups. Within each of the treatment groups, a total of 80 cases were randomly selected with as equal of a distribution across the treatment groups as possible, for a total of 320 cases. Two hundred eighty cases were identified for further screening.
Inclusion/Exclusion
Eligibility criteria included diabetics (type I or type II), >18 years of age, with a lower extremity wound, that required operative application of Integra, NPWT, LTF, or FTT. This initial operation was referred to as the index surgery (time of therapy). The wound was defined as complex if it involved exposed deep tissue (eg, bone, tendon, fascia, and/or ligament). Additionally, only cases with a minimum of 1 year follow-up from the index surgery were eligible for inclusion in the analysis (Fig. 1) .
Index Surgery and Postoperative Care
Because this was a retrospective study, the surgical technique for the application of Integra, NPWT, LTF, or FTT and the postoperative care of these treatments were not standardized. Therefore, the data that were collected reflect the standard of care and individual technique for a particular investigative site.
Data Collection
Information collected and analyzed included age, gender, race/ethnicity, body mass index (BMI), ambulatory status, smoking status, vascularity assessment, and concomitant medical conditions. Additionally, information regarding wound etiology, size, chronicity, complexities, location, and clinical assessment of infection was collected and used for analysis. Data regarding healing outcomes, recurrence rates, and functional status were collected. All assessments of wound healing, wound recurrence, and return to ambulation were based on the judgment of the clinicians at each investigative site.
Statistical Analyses
All statistical tests were performed using SAS 9.2 (SAS Institutes Inc., Cary, NC). For statistical purposes, NPWT, LTF, and FTT were considered the control treatments, and Integra was considered the investigational treatment. Missing data were not imputed. Categorical variables are reported as percentages, and the chi-square test or Fischer exact test was used. Continuous data summaries include the mean, SD, median, and range. A nonparametric method was applied to the continuous variable comparison between the median for Integra and the other treatment groups (Wilcoxon signed-rank test). Kaplan-Meier wound healing survival curves were plotted to evaluate time to wound healing. Statistical analyses were performed using log-rank test, and a Cox proportional hazard model was used to estimate the adjusted effect of variables of interest on time to wound healing. Variables of interest included age, gender, BMI, history of smoking, history of amputation, peripheral vascular disease, transplant (immunosuppressive therapy), connective tissue disease, osteoporosis, hematologic disorder, end-stage renal disease, and wound on plantar foot.
RESULTS
Two hundred seventy-four of the 280 cases were eligible for inclusion in the final data set. Three subjects received 3 of the treatments simultaneously, 2 subjects received immediate split thickness skin grafts without the use of any of the treatments, and 1 subject received Integra and an split thickness skin graft. With these 6 subjects excluded, 274 were further analyzed with 105 (38%) receiving Integra, 76 (28%) NPWT, 72 (26%) LTF, and 21 (8%) FTT (Fig. 1) .
In the Integra group, 3 different subsets of treatment options included were Integra use alone (n = 44; 42%), Integra + NPWT (short-term use) (n = 45; 43%), and Integra + NPWT (long-term use) (n = 16; 15%). For those who received Integra + NPWT (short-term use), NPWT was used during their index surgery inpatient admission period. For the cohort Integra + NPWT (long-term use), NPWT was used during inpatient treatment and continued through outpatient treatment after discharge.
The mean age of all subjects was 61.5 ± 13.0, BMI 31.7 ± 8.1, hemoglobin A1c (HbA1c) 10.2 ± 1.7, smoking status 39.1%, revascularization of the limb with the target wound 14.2%, and history of amputation of 40.5% (Table 1) . Fig. 1 . Subject enrollment. cases from 4 sites were identified for inclusion in the study. Based on inclusion criteria and treatment modality, 274 subjects were eligible and analyzed. although aimed to equally distribute subjects across all 4 groups, varying numbers of patients were included with 105 wounds being managed with integra, 21 wounds with a free flap, 72 wounds with a ltF, and 76 with nPWt. StSg indicates split thickness skin graft. (23) 9 (12) 13 (18) 2 (10) Based on the subject's medical record, as many medical conditions as applicable could be selected (Table 2) . Peripheral vascular disease, hypertension, peripheral neuropathy, and cardiovascular disease were the most common comorbidities reported. Additional medical conditions affecting a smaller portion of the study population include renal disease requiring or not requiring dialysis, immunosuppressive therapy, connective tissue disorders, patients receiving a transplant organ, and human immunodeficiency virus. Peripheral vascular disease was present in more subjects receiving a LTF and FTT than Integra (P = 0.007 and P = 0.038, respectively), more subjects were immunosuppressed receiving a LTF than Integra (P < 0.001), and more subjects had received a transplant organ in the LTF and FTT groups than those treated with Integra (P = 0.026 and P = 0.022, respectively). The detected differences (covariates) in the subject populations were adjusted for in the wound healing regression analysis.
Wounds were of surgical, traumatic, ischemic, venous, diabetic neuropathic, pressure, deformity, infection/ gangrene, or other etiology (Table 3 ). There were statistically less traumatic, ischemic, and infection/gangrene wounds treated with Integra compared with those treated with a FTT (P = 0.020, P = 0.004, P = 0.029, respectively) and more diabetic ulcers treated with Integra than treated with a LTF (P = 0.097).
Wound location was separated into 6 sections of the foot: dorsal foot, plantar foot, toes, ankle, heel, and leg. Wounds in which dorsal or plantar was not specified were classified as foot. Statistically more wounds were treated with Integra on the plantar foot than a LTF (P = 0.011) and less wounds treated with Integra on the leg than a LTF (P = 0.001). Integra was also found to be used statistically more on the foot than NPWT (P = 0.021).
All wounds in this study had at minimum 1 deep exposed structure, and no differences in the types of structures were detected among treatment groups ( Tables 4-5 ). Mean wound chronicity was the greatest in wounds treated with NPWT; however, median chronicity was the same for wounds treated with Integra, NPWT, and LTF (6 weeks). Chronicity of wounds managed with Integra (median, 6 weeks) was greater than those treated with a FTT (median, 3 weeks) (P = 0.039). Area of the wound was also evaluated, and it was determined that the median was largest for FTT (100 cm 2 ) followed by Integra (32.2 cm 2 ), LTF (27.5 cm 2 ), and NPWT (12 cm 2 ). Statistical differences in median values were found between Integra and FTT and Integra and NPWT (P = 0.001 and P = 0.003, respectively).
Evidence of infection was assessed at the time of the index surgery, and it was most commonly observed in those treated with NPWT (71.4%) followed by LTF (46.3%), FTT (40%), and Integra (18.7%). Clinically diagnosed infection per the investigator's assessment was found to be statistically different between the Integra managed wounds and those managed with a LTF and NPWT (P = 0.002 and P < 0.001, respectively).
Complete healing was observed in 46.7% (49/105) of wounds managed with Integra, 47.4% (36/76) of wounds treated with NPWT, 61.1% (44/72) of wounds treated with a LTF, and 57.1% (12/21) of wounds treated with a FTT. No statistical differences were found between the treatment groups. Of the wounds that did not heal, a proportion was amputated, lost to follow-up, or had follow-up at 1 year indicating that the wound was still open (Fig. 2) . After removing cases in which the healing status was unknown at 1 year (lost to follow-up category), the healing percentages for the groups were found to be in 65.3% (49/75) of wounds managed with Integra, 70.6% (36/51) of wounds treated with NPWT, 88.0% (44/50) of wounds treated with a LTF, and 70.6% (12/17) of wounds treated with a FTT.
Median time to wound healing (complete re-epithelialization) as assessed by the investigator for wounds managed with Integra was 142 days, NPWT was 118 days, LTF was 65 days, and FTT was 140 days. A statistical difference was found between the median time to wound healing for Integra and LTF (P < 0.001). At 1 year after index surgery, 66.2%, 72.1%, 73.2%, and 71.3% of wounds managed with Integra, NPWT, LTF, and FTT, respectively, were healed (Fig. 3) .
To estimate the adjusted effect of variables of interest on time to healing with Integra, FTT, LTF, and NPWT, a Cox proportional hazard model was used with demographic, comorbidities, and wound characteristic included. The results of Cox proportional hazard model adjusted for demographic and other variables of interest showed no significant difference between Integra and other treatment modalities (Table 6) . A significantly higher hazard ratio (HR) was found in subjects as age and BMI increased Follow-up time posthealing was reported as a means: Integra 94.8 days, NPWT 91.9 days, LTF 94.3 days, and FTT 68 days; median: Integra 40.5 days, NPWT 63 days, LTF 42.5 days, and FTT 3.5 days. Although no statistical differences were detected, it was important to note that <50% of wounds that healed in all groups had >12-week follow-up posthealing, with Integra 49.0%, NPWT 47.2%, LTF 40.9%, and FTT 25.0%. The recurrence rates were as follows: Integra 26.5% (n = 49), NPWT 19.4% (n = 36), LTF healed 15.9% (n = 44), and FTT 8.3% (n = 12) (Integra versus FTT P = 0.264, Integra versus LTF P = 0.213, Integra versus NPWT P = 0.447). No statistical differences were observed between groups.
More than 60% returned to a minimum of their functional level recorded at the time of index surgery, with no statistical differences between the treatment groups (Table 7) . Time to return to baseline function was a mean of Integra 108.1 days, NPWT 120.6 days, LTF 87.7 days, and FTT 127.1 days; and median of Integra 74, NPWT 76, LTF 39, and FTT 122 days with no statistical differences observed.
DISCUSSION
This is the most robust study to date attempting to define the complex diabetic lower extremity wound in a complex host and its relationship to outcomes when utilizing common treatment modalities. The data from this study suggest that Integra, NPWT, LTF, and FTT are all viable options showing similar healing outcomes for complex wounds in complex hosts. The information presented in this article represents the first in a series of articles analyzing data from this large multicenter registry which will include information on infection and wound bed preparation, resource utilization, and ultimately an article suggesting treatment recommendations and algorithms for care.
An objective of this study was to define the profile of these especially vulnerable patients with complex wounds. The patient population in this study was summarized as an obese (mean BMI, 31.7), uncontrolled diabetic (mean glycated hemoglobin, 10.2%) in their fifth decade of life (mean age, 61.5 years) with significant comorbidities including peripheral vascular disease (54.6%), endstage renal disease (13.9%), and a history of amputation (40.5%). Many of the wounds were located on the plantar aspect of the foot, with large surface areas and exposed ligament, bone, or capsule. In the literature, the term "complex" has been inaccurate in describing wounds as complex. This includes the uninfected venous leg ulcers and the classic Wagner I or II neuropathic diabetic foot Wound healing was observed for 46.7%, 57.1%, 61.1%, and 47.4% for wounds managed with integra, FFs, ltF, and nPWt, respectively, with no statistical differences observed. When removing subjects in which the healing status was unknown at 1 year (ie, ltFU), the healing percentages increased to 65.3%, 70.6%, 88.0%, and 70.6% for integra, FF, ltF, and nPWt (modified population). FF indicates free flap; ltFU, lost to follow-up.
ulcer (DFU) that can be managed effectively with a variety of methods in an outpatient setting. 17, 18 We propose that a complex wound is one in which there is a high risk of limb loss due to exposed deep tissue, ischemia, and infection that requires hospitalization with surgical intervention.
The overall healing rate across the surgical treatment strategies evaluated in this study is 51%. This rate of healing is similar and/or slightly less than what is reported for clinic-based DFU trials. [1] [2] [3] [4] [5] [6] Additionally, "healing" a complex wound requires vascularized tissue coverage and In the environment of the complex wound in the complex host, wound recurrence in this study was <20%. This may reflect the durability of the treatments despite the lack of a standardized postoperative care. Major amputation has reported stump complication rates of 9%-13%, 19, 20 and annual reulceration of full thickness foot ulcers was as high as 60%. 21, 22 Thus, the recurrence rates after limb salvage attempt were acceptable with the advantage of retaining the limb.
There are several limitations of this study. The retrospective nature of this study makes it susceptible to patient selection bias, surgeon-preferred procedure bias, and thus has poor internal validity. Further, the uneven number of patients in each of the cohorts makes results interpretation challenging. This study is designed in a registry style that attempted to be inclusive to more accurately reflect a real-world perspective. However, the investigative sites included only academic institutions, whereas a true realworld design would include urban and rural community hospitals and Veteran Affairs Hospitals. On the other hand, it can be argued that the complexity of this population is more likely managed at academic institutions such as those that participated in this study. Thus, the external validity of this study may be applicable to facilities treating less-complex patients and wounds because the extreme of this patient population is represented here. In essence, the retrospective registry design is observational or descriptive at best and assumptions should be carefully considered. Furthermore, whereas covariates were adjusted in the healing outcomes analysis to account for differences in patient profiles across cohorts, it was observed that patients with a higher level of complexity received LTF or free flap more frequently. The covariate adjustment to the regression was performed with the intent to minimize this procedure selection bias.
Due to study design, the authors readily concede that a number of factors may have affected patient and procedure selection bias in the data presented. However, it is important that each investigative site had ready access to a reconstructive plastic surgeon with the training and ability to employ any of the treatment modalities studied. Surgeon preferences are impossible to delineate in surgical outcome studies unless in a prospective randomized design with rigid eligibility criteria and standardized surgical technique.
The original concept of the plastic reconstructive ladder or elevator has been recently challenged with technologies including dermal substitutes and NPWT. 23 The data in this article are the first published to support this novel treatment paradigm. Another important pragmatic consideration is that options that are technically simpler than a FTT and LTF, such as application of Integra or NPWT, can provide similar outcomes. This is especially important for patients who are not candidate for such surgeries and/ or institutions that do not have access to a reconstructive plastic surgeon with an interest or expertise in the diabetic lower extremity.
CONCLUSIONS
The complex lower extremity wound in a compromised host is a challenging problem. This is the first study examining the outcomes of commonly utilized treatment modalities in a single study. The study results presented inform future design of prospective studies that may help us determine if defined treatment algorithms can result in improved clinical outcomes.
